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Al>siract Gamma-ray absorption coefficient in some shielding maiciials, such as. iron, brass, lead and concrete, is measured expeiimentally in 
ihc present study using a Cs-137 source of energy 0 662 MeV.
Two types of concrete samples arc used , ordinary concrete and concrete with additive tiactional weights of iron or brass oi lead materials 
rxpcnmcnial measurements aic carried out lor single-layer absorbers The dependence of gamma-ray absorption coclficienl on the atomic number, 
,iud density of the absorber material is taken into account 'Phe results showed that for concrete, the value of gainma-iay absorption coefficient can be 
incioiNcd if a material of high atomic number ( or density ) is added to it .
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I !ic mechanism of absorption o f gamma-ray by matter is different 
in>m that o f charged particles, as indicated by the higher 
penetration power o f  gamma-ray [ 1,2|. When a beam o f gamma- 
MN of intensity I is incident on a slab o f  small thickness A \ , the 
change in the transmitted beam through the slab is proportional 
to A\ and /, and is given by 11]
A l -  - ju  lA x , ( 1)
whcie the proportionality constant /i is called the absorption 
adftciem. If all the photons o f  gamma-ray have the same energy, 
a is independent o f  jc, and the above relation becom es
I (2)
which gives the intensity /  o f the transmitted beam for an initial 
intensity / and absorber thickness x  o f  the given material. When 
fractional transmission on logarithmic scale is plotted against 
iHe absorber thickness on a linear scale, the result is a straight 
'me with the slope o f  the line g iving /x .
The main purpose o f  the sh ields is to protect operating 
P<^ rsonnel from possible injury by nuclear radiation, and in some 
to reduce radiation exposure. The shield used for the first 
is called biological shielding, and is called thermal shield 
the second case.
Since the radiation entering the shield from the reactor can 
produce internal heating and possibly causes radiation damage 
to shield materials, it is necessary to estimate the types and 
intensities o f radiation through the shields 1 3 ,4 |. The shielding 
materials are divided according to their functions. The heavy or 
moderately heavy elem ents, which are used to attenuate the 
gamma radiation and to slow down very fast neutrons to 1 MeV; 
the hydrogenious m aterials, w hich are used to m oderate 
neutrons having energies below  1 MeV; and finally som e  
materials, notably those containing boron, w hich capture 
neutrons without producing high energy gamma-ray .
Many authors [ 5-18] have studied gamma-ray absorption 
coefficient, the attenuation o f  neutron from a point source, the 
design method o f  com pensalional shield, and reactor shielding 
materials.
The pre.sent study aim s to in vestigate the gam m a-ray  
absorption coefficient in som e shielding materials , and to 
increase its value for ordinary concrete by adding materials o f 
high atomic numbers in order to reduce the shielding cost.
The measurement system  consists o f  several electronic 
devices such a s : (7 .62 cm x 7.62 c m ) Nal ( Tl) detector (BIKRONj, 
photomultiplier and preamplifier ( ORTEC 276) , amplifier 
(ORTEC485), bilks supply (ORTEC 478) and multichannel 
analyzer (Norland 5300). The radioactive source used is
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C s- 137 ( Amersham) with energy o f  0 .662 M eV  The source 
activity during the experiment was 8mCi. Six shielding materials 
are used in the present study : lead, brass, copper, steel, iron, 
and concrete (different types).
The first five materials have cylindrical forms with different 
thicknesses. The concrete block was made with dimensions o f  
10cm  X 10cm X 3cm .
Ordinary concrete was made o f  cem ent, sand and stones, 
whereas other types were prepared by adding fractional weights 
o f  iron or brass or lead to the ordinary concrete as shown in 
Table 1.
Table 1. The fractional weights o f concrete types
Types o f Fractional weights o f component Density
concretes materials (%) (gm/cm')
Cement Sand Stone Iron Brass Lead
Concrete I 14 3 28 6 57,1 2 38
Concrete 2 14.3 28 .6  49 .8  14.3 2 .35
Concrete 3 12.5 25 50  12.5 2 .39
Concrete 4 12,5 25 50  12.5 2 44
C on cretes 12.5 25 50  12.5 2 .46
Concrete 6 11.2 22 .2  44 4 22 .2  2 7
Concrete 7 9.1 18.2 36.35 36.35 3.05
The electronic system  for measurement was arranged, using a 
suitable operating voltage and gain as shown in Figure 1. The 
distance between the source and the detector was adjusted to 
be 60cm  and the accumulation time for gamma-ray spectra was 
3600  sec. Measurements were carried out for each shielding 
material, and gamma-ray absorption coefficients were calculated.
H.V
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Figure .1. Measurement system setup.
Gamma-ray absorption coeffic ients were measured and 
calculated for the materials used in the present study as a single  
layer absorber u sing  C s-137 . T he results are tabulated in 
Table 2.
A  com parison o f  the present data with those published data 
(which are theoretical) o f  f i  for iron, steel, copper, lead and 
con crete, show  that the present data is deviated from  the 
published  by percentage o f  0 .3 7 . -0 .7 , -0 .2 , 2 .2 , -0 .8 ,-4 .0 , 
respectively.
The deviation may be due to the statistical errors associate 
with the measurements.
Table 2. Gamma-ray absorption coefficients in the studied materials
Material
Iron
Steal
Copper
Brass
Lead
Concrete 1 
Concrete 2 
Concrete 3 
Concrete 4 
Concrete 5 
Concrete 6 
Concrete 7
Linear absorption 
coefficient 
(c m ‘)
Mass absorption 
coefficient 
(cm^  / gm)
Measured Published [19] Measured Published n
0 .547  
0 .566  
0 .6 3 6  
0 .6 0 0  
1.172  
0 .163  
0 .1 7 0  
0 .168  
0 .1 7 9  
0 .1 8 6  
0 213  
0 .247
0 .545
0 .5 7 0
0 .6 5 0
0 .605
1.260
0 .1 7 0
0 .0699  
0 .0719  
0.0712  
0 .709  
0.1033  
0 .0702  
0 0723  
0.0703  
0-0734  
0 .0756  
0 .0789  
0 .0810
0 O(idi)
0 0724 
0 072 s 
0 071S 
0 U)57 
0 072^
Particle size o f the additive materials is.
For Iron = 3x10'  ^ -  4 mm’ , For Brass -  1 02x10’ -  4 nmV
For Pb = 1.03x10'^ -  4 mm’.
Brass composition (%)= 72 4 Cu+27 6 Zn.
Steel composition(%) -  Fe=36 46, Cu=35.00, Ci = 18 30, Ni-s ':
C =0.06, S i= 0 .0242 , M n=l 408. 03, S=0 023, MO-O
V =0,075. W =0.024, T i=0 .002 , Sn=0.038, CO=() 14. Al-0l)0'
Nb=0.019.
The results are d iscu ssed  with the view  point that tiu 
p rob ability  o f  in teraction  o f  gam m a-ray  with matter in 
proportional to the material atomic number ( or density), and 
inversely proportional with the photon energy except for pan 
production.
The difference between copper (Z =29) and iron (Z -2b\ 
atomic number is 3 w hile it is 56  between lead (Z=82) and iron 
therefore the difference between their absorption coeffic ients   ^
small for the first case , whereas it is large for the second case
The ordinary concrete has a low  average atomic number 
compared to that containing additive materials o f a relativcl} 
high atomic number , therefore the absorption coefficient ol 
ordinary concrete is low er than th ose o f  the other typc> 
containing additive materials.
The material with a high density has a high absorpt^ '*^  
coefficient compared with those o f  low d en sities. Iron and stec 
have the sam e atomic num ber(2^26), but they have heavih 
different densities (p.^^^=7.83 gm /cm ^ P,j„^r7.87 gm /cm ) 
therefore steel has a relatively higher absorption coefficient than 
that o f  iron, for the same gamma-ray energy. Copper (Z=29) an 
brass (Z^^=29.28) have approximately the sam e atomic numbef
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t they have different densities (p^„=8.96 g^l/cm ^ 
_8 46gm/cm^) . The absorption coefficient of copper is 
higher than that of brass; this is due to a high density of copper.
The absorption coefficients of 0.662 MeV gamma-ray in 
•oncrcte I , concrete 2, and concrete 3 are slightly different, this 
" due to the relatively low atomic number and density of the 
idditi ve material (iron). The difference in absorption coefficients
clear m case of concrete 4 , where the additive material is 
bra-ss which has a higher average atomic number and density 
than iron.
The difference is considerable in concrete 5, concrete 6 and 
concrete 7, where additive material is the lead , which has a 
higher atomic number and density than brass and iron. For this 
reason, an increase of 12.5%, 22.2% and 36.4% fractional weights 
oi lead added to ordinary concrete, correspond to 11.5%, 27.9% 
and 48.9'%' increment of absorption coefficient, respectively.
A.S a conclusion, addition of fractional weights of lead to 
ordinary concrete increases the value of absorption coefficients, 
hence reduces shielding thickness and cost.
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